Hepatocellular carcinoma (HCC) is the fifth common cancer in the world, showing the third highest cancer related mortality. The prognosis of HCC patients depends not only on tumor stage but also on the background liver function reservoir. Effective treatments for HCC include percutaneous ablation, surgical resection and liver transplantation. Although short-term prognosis of HCC patients has been much improved recently due to advances in early diagnosis and treatment, long-term prognosis is as yet far from satisfactory as indicated by the overall survival at 10 years after apparently curative treatment of only 22%-35%.
H epatocellular carcinoma (HCC), one of the most common cancers worldwide, usually develops in patients with livers that are already chronically damaged, often from cirrhosis. 1 The etiology of liver disease and consequently that of HCC, differs geographically. In most areas, chronic viral hepatitis, resulting from infection with either the hepatitis B virus (HBV) or the hepatitis C virus (HCV), is the main cause of HCC. [2] [3] [4] [5] HCC is also associated with lifestyle factors. Chronic alcoholism is a classic risk factor for the development of HCC and obesity is also recognized to strongly affect HCC development, along with the development of other malignancies. 6 HCV infection has rapidly expanded worldwide in recent years. 7 HCV is transmitted from person to person as a blood-borne infection, although it is much less infectious than HBV. Mother−neonate transmission and horizontal sexual transmission are uncommon with HCV. Therefore, the recent rapid spread of HCV must be associated with some artificial change in the environment. Epidemiological studies have shown that the spread of the virus began in the United States in the mid 1960s, primarily among intravenous drug users. The rate of HCV infections then began to decline by the 1990s, when general concern regarding human immunodeficiency virus (HIV) infection increased substantially.
In the United States, the transmission route of HCV overlapped that of HIV. This led to a serious medical problem, HCV/HIV co-infection, in which liver damage progresses more rapidly due to comorbid immunosuppression. Currently, approximately onetenth of all patients with HCV infection in the United States are also infected with HIV. With improved treatments for HIV having reduced the mortality of that disease, HCV-related disease is currently the primary cause of mortality in patients with HIV/HCV coinfection. 8 In contrast, in Egypt, where the prevalence of HCV infection is estimated to be 10% or higher, the virus is thought to be transmitted via a peculiar iatrogenic route in which parenteral antischistosomal therapy is administered to patients using serum from infected donors, which was widely practiced from the 1960s to the early 1980s. 9 This resulted in the predominance of HCV genotype 4a, which is unique to Egypt.
In Japan, HCC-related mortality has more than tripled since the mid 1970s. At that time, emerging cases of HCC developed in patients who were typically negative for HBV and who were diagnosed with so-called non-A non-B hepatitis, which was later revealed to be almost entirely the same as chronic hepatitis C. 10 Presently, HCV infection is responsible for 75% to 80% of cases of HCC in Japan, while HBV is responsible for 10% to 15% of cases.
11 Approximately 40% of HCV-related HCC patients in Japan have a history of receiving blood transfusions, usually during the 1950s and 1960s. At that time, the supply of blood used for transfusion in Japan was obtained from paid blood donors, many of whom were also intravenous drug users, primarily of methamphetamine, and among whom HCV is thought to have spread first in Japan after the end of World War Ⅱ. In addition, the routine reuse of syringes and needles in medical practice at that time may have contributed to further spread of the virus. Commercial blood banks were abolished by 1969 in Japan and were replaced by the Japanese Red Cross Society, which is fully dependent upon voluntary blood donations to meet its blood supply needs. Syringe and needle reuse was also strongly discouraged in the 1970s. Consequently, the spread of HCV in Japan began to decline in the 1970s, although the transmission of HCV through blood transfusions continued until the advent of a sensitive HCV detection system in the early 1990s. In Japan, there was an interval of at least 30 years between the peak of the spread of HCV and the peak incidence of HCV-related HCC. Considering the interval of 20 years between the peak of the spread of the virus in Japan versus the United States and the fact that it takes 20 years or longer for HCC to develop after HCV infection, a further increase in the incidence of HCC in the United States appears to be inevitable.
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PREVENTION OF HCC
HCC is a unique malignancy in that known acquired factors (i.e., chronic viral hepatitis B and C) are the predominant causes of carcinogenesis, which is of enormous clinical importance (Table 1) .
14,15 By screening for HBV/HCV infection, we can identify patients at high risk of developing HCC and achieve cost-effective surveillance. Screening policies should be based on the prevalence of each viral infection in specific geographic areas. This will result in secondary prevention of HCC through early detection and treatment. Furthermore, primary prevention of HCC (i.e., reducing risk factors) is possible by controlling the spread of virus infections. In fact, HBV vaccination has been shown to be effective in decreasing HBVrelated HCC, and awareness among both medical practitioners and the general population of the methods used to control the spread of blood-borne infections has apparently curbed further increases in the number of HCV infections.
The primary prevention of HCV-related HCC includes strategies for the prevention of HCV infection and for viral eradication. Regarding the former, novel HCV transmission in the general population has been declining in many countries, as evidenced by the lower prevalence of HCV infection among younger generations. Viral transmission through blood transfusions can be prevented by screening donor blood using sensitive assays. Although campaigns warning against actions that lead to blood-borne viral transmission, including that of both HCV and HIV, should be sustained vigorously, effort can now be focused on viral eradication in patients who have already been infected with HCV.
The effect of IFN therapy on the prevention of HCC is controversial. Recently, a large-scale RCT, called the Hepatitis C Antiviral Long-Term Treatment Against Cirrhosis (HALT-C) study, was performed in the USA. No significant difference in the incidence of HCC was seen between patients assigned to receive peginterferon alfa-2a 90 µg/week as maintenance therapy (n = 495) and those assigned to receive no treatment (n = 510).
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The cumulative incidence of HCC after randomization was almost identical in the two groups: 5.4% in the treatment group and 5.0% in the control group. In contrast, many clinical studies performed in Japan have clearly demonstrated that the incidence of HCC is reduced among IFN-treated patients showing a sustained virologic response. 17, 18 The resolution of cirrhosis is also noted following a sustained virologic response.
19 These beneficial effects are expected to be enhanced by the advent of combined pegylated-IFN and ribavirin therapy. 20, 21 The discrepancy between the Japanese and American studies regarding the preventive effect of IFN therapy on HCC may result from different patient characteristics, such as the ages of the HCV-infected patients. Further investigation is therefore required.
Target populations
I n J a p a n , H C V i n f e c t i o n i s r e s p o n s i b l e f o r approximately 80% of all cases of HCC, whereas HBV infection is responsible for 10% of cases of HCC and alcohol for approximately 5% of cases of HCC.
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These values may differ substantially in other countries. For example, in China, where the prevalence of HBV infection is much higher, HBV infection is by far the predominant etiologic factor for the development HCC.
Given the low incidence of HCC in individuals without risk factors, surveillance is not recommended for the general population. A commonly accepted rate of infection that requires surveillance is greater than 0.2% per year. Therefore, the first step in screening for HCC is to screen patients at risk of developing HCC. Because chronic viral hepatitis that results from either HBV or HCV may be asymptomatic, mass screening for hepatitis infection, either HBV or HCV, is justified if the prevalence of infection in a region is reasonably Among HBV carriers, HBe antigen-positive patients are at a higher risk of developing HCC than HBe antigen-negative patients (relative risk, 6.3-fold). 25, 26 Recently, the results of a large-scale, long-term cohort study conducted in Taiwan showed that the level of serum HBV DNA is the strongest predictor of both progression to cirrhosis and development of HCC among HBV-positive patients, independently of the patient's serum HBe antigen/antibody status or ALT levels. 27 Together with the advent of reliable quantitative assays, the determination of a patient's HBV DNA levels may replace determination of HBe antigen/antibody status as a risk indicator for HCC.
While the prevalence of chronic HBV infection is high in some geographic areas, such as East and Southeast Asia and sub-Saharan Africa, the prevalence of chronic HCV infection has recently increased in some developed countries, including Japan, southern European countries, and the United States. In patients with chronic hepatitis C, the risk of developing HCC increases with progression of liver fibrosis, 17,28 and chronic hepatitis C patients with cirrhosis have a very high risk of developing HCC. 29 In Japan, HCV infection spread nationally primarily in the 1950's and 1960's. Progression to cirrhosis requires several decades to occur, and HCV infection is now the predominant cause of HCC in Japan. Peak viral spread in the United States occurred two decades later, and the incidence of HCVrelated HCC is now increasing rapidly. 2, 30 In addition to the degree of liver fibrosis, male gender, older age, and heavy alcohol consumption are known risk factors for developing HCV-related HCC.
Cirrhosis due to etiologies other than chronic viral hepatitis also confers a risk of developing HCC. Major etiologies include alcoholic liver disease and NASH, [31] [32] [33] whose relative importance may differ geographically. Hassan et al reported that alcoholic liver disease accounted for 32% of all HCC cases in an Austrian cohort. 34 In the United States, the approximate annual hospitalization rate for HCC related to alcoholic cirrhosis is 8/100,00 to 9/100,000 compared to approximately 7/100,000 for hepatitis C.
35 NASH is a chronic liver disease that is gaining increasing significance due to its high prevalence worldwide and its potential for progression to cirrhosis, HCC and liver failure. Although NASH has been described in cohorts of HCC patients, 36,37 the incidence of HCC in patients with cirrhosis due to NASH is unclear. Aflatoxin may play a role in certain areas.
In brief, accurately evaluating the degree of liver fibrosis is of paramount importance in assessing the risk of developing HCC in patients with chronic liver disease of any etiology. The histologic evaluation of liver biopsy samples has been considered the gold standard for assessing liver fibrosis. However, the invasiveness of a liver biopsy limits its clinical feasibility. In clinical practice, repeated assessment of liver fibrosis is often required because a non-cirrhotic liver may become cirrhotic over time, and sometimes rather rapidly. Consequently, the non-invasive evaluation of liver fibrosis is one of the main areas of interest in hepatology. O n e s u c h n o n -i n v a s i v e m e t h o d , t r a n s i e n t elastography, correlates well with the histological stage of liver fibrosis. [38] [39] [40] [41] [42] In transient elastography, shear waves are emitted into the liver and their velocity is measured with ultrasound. Since the velocity of the waves is directly correlated with the elasticity of the liver, liver stiffness, or the degree of fibrosis, can be non-invasively measured. The reported cut-off value for the diagnosis of histological cirrhosis is 12.5 to 14.9 kPa. Higher values of liver stiffness may require proper attention regarding the potential for decompensation and HCC development. 43, 44 The FibroTest is based on the age and gender of the patient combined with five biochemical markers (total bilirubin, haptoglobin, γ-glutamyl transpeptidase, alpha-2 macroglobulin, and apolipoprotein A1). 45 An index of 0 to 0.10 has a 100% negative predictive value, while an index of 0.60 to 1.00 has a greater than 90% positive predictive value for a Metavir score of F2 to F4. APRI is the aspartate aminotransferase (AST) level/upper limit of normal divided by the platelet count (10 9 /L) multiplied by 100.
46 For a hypothetical patient with an AST of 90 IU/L (upper limit of normal 45) and a platelet count of 100 (×10 9 /L), the APRI is 2.0, which means that the patient has a 41% likelihood of having advanced fibrosis and a 5% chance of having minimal or no fibrosis. The applicability of these methods in surveillance requires evaluation in future prospective studies.
Surveillance methodology
Traditionally, two methodologies have been used for HCC surveillance in high-risk patients: tumor marker determination and diagnostic imaging. Serum alphafetoprotein (AFP) concentration is representative of the former and liver ultrasonography (US) is representative of the latter. Although serum AFP measurements are generally less sensitive than US, their specificities may be comparable when using appropriate cut-off values. HCC screening via combined US and AFP may lead to improved detection, although previous reports have been generally negative. [47] [48] [49] [50] However, in a non-randomized study of patients with cirrhosis, the sensitivity of detection was reported to be increased using both US and AFP measurements, as compared to using either alone.
Recently, a randomized trial evaluated the effectiveness of HCC screening using AFP and US every six months compared to no screening in over 18,000 Chinese patients with HBV infection. 51 More cases of HCC were diagnosed in the screened group than in the non-screened group (86 vs. 67) and overall survival was higher in the screened group (65.9%, 52.6% and 46.4% at 1, 3, and 5 years, respectively) than in the non-screened group (31.2%, 7.2% and 0% at 1, 3, and 5 years, respectively).
A retrospective study assessed the effectiveness of HCC screening in 367 patients of 70 years of age or older using AFP measurements and US every six or 12 months. The screening allowed for more frequent diagnoses of HCC at an early stage, increasing the proportion of patients who were able to receive a curative treatment, and improving the prognoses of these patients compared to that of the unscreened patients. The apparent survival benefit was restricted to the first 3 years after the detection of HCC, mostly likely because elderly people have a shorter life expectancy.
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PREVENTION OF RECURRENCE
Effective treatments for HCC include percutaneous ablation, surgical resection, and liver transplantation. Among these, image-guided percutaneous ablation is considered best for early-stage HCC. Survival rates of HCC patients grouped based on treatment modality, which was reported by the Liver Study Cancer Group of Japan, is shown in Table 2 . Ethanol injection was formerly the standard procedure used among the various percutaneous ablation techniques. However, randomized control trials have demonstrated that radiofrequency ablation (RFA) has a more reliable local antitumor effect leading to higher survival rates.
53,54 In a recent study, Shiina et al. reported 10-year outcomes of RFA. 55 They performed 2,982 RFA treatments on 1,170 primary HCC patients and analyzed the collected data. Complete tumor ablation was achieved in 2,964 (99.4%) of 2,982 treatments. With a median follow-up of 38.2 months, the 5-year and 10-year survival rates were 60.2% and 27.3%, respectively.
Ever since acceptable levels of safety in hepatectomy were archived, surgical resection has been considered to be the sole potentially curative treatment for HCC; however, hepatectomy currently competes with transplantation and percutaneous ablation for this designation. Resection is usually indicated in patients with solitary HCC and preserved liver function. Having poor liver function reservoir limits the extent of hepatic resection that can be performed. This poses no difficulty when HCC arises in a normal liver. However, since HCC usually develops in cirrhotic livers, the preoperative evaluation of liver function is essential. Anatomical resection is preferred by some surgeons, who perform segment-wise hepatectomy whenever possible. This is based on the idea that intrahepatic microscopic metastasis is likely to occur in the same segment as the original tumor via the portal vein. The survival rates for patients properly selected to receive surgical hepatectomy exceeds 70% at five years, although the overall survival rate is substantially reduced without strict selection of patients. 56 Therefore, hepatectomy plays a limited role in the treatment of HCC.
57 Only 20% to 30% of patients are good candidates for hepatectomy, with the other patients being contraindicated by either having liver function too impaired or having tumor stages too advanced. Most importantly, even after apparently curative surgical resections are performed, 80% of patients develop recurrent HCC within five years 58 because of latent intrahepatic metastasis or metachronous multicentric carcinogenesis.
The restriction on hepatic resection posed by poor liver function reservoir can be lifted in cases of liver transplantation. Although extrahepatic comorbidity and old age can limit a patient's eligibility for transplantation, the status of patient's background liver will not be a contraindication, whatever the degree or severity of liver dysfunction, or whatever the degree or severity of the underlying cirrhosis. 59, 60 Indeed, the recovery of liver function is the chief object of liver transplantation performed for liver failure in patients without HCC, and this is also applicable to patients with HCC. The restriction on resection posed by having a multiplicity of HCC lesions can also be overcome by liver transplantation when the restriction is due to the fact that the expected remnant liver volume is too small. Of course there is a certain limitation concerning the stage of the tumor, beyond which posttransplant HCC recurrence is likely to occur. Posttransplant HCC recurrence is usually of an aggressive nature and associated with a poor prognosis, most likely due to the use of immunosuppressants. Pretransplant tumor invasion into large vessels is a definite contraindication for transplantation. Currently the Milan criteria are widely accepted as indication criteria for liver transplantation in patients with HCC. These criteria are: a solitary tumor of 5 cm or less in diameter or three or fewer lesions each measuring 3 cm or less in diameter. 60, 61 However, the Milan criteria were not based on exhaustive evidence and there have been ceaseless efforts to extend the criteria. What is really needed is not a static anatomic description of the extent of HCC, but more sophisticated prognosticators of the behavior of an individual tumor, possibly obtainable through genomics or proteomics.
The short-term prognosis of patients with HCC has greatly improved due to recent advances in early diagnosis and treatment. However, long-term prognoses remain far from satisfactory, as indicated by the fact that the overall survival rates 10 years after apparently curative treatment of HCC are as low as 22% to 35%. 62,63 In patients with HCC, the slope of a typical cumulative survival curve after treatment does not level out over time. In contrast, in most other malignancies, the slope of the cumulative survival curve levels out approximately five years after relatively curative treatments are performed. In other words, HCC is rarely treated curatively, and the primary reason for this is the frequent recurrence of HCC, even after apparently curative treatment involving either local ablation or surgical resection are performed.
64 Unlike liver transplantation, these locoregional therapies do not remove microscopic lesions from the remaining liver. However, this does not explain the fact, specific to HCC that the risk of recurrence does not decline over time. In fact, recurrent HCC continues to develop at an annual rate of 10% to 20%. The continual recurrence of HCC after initial treatment is thought to be mostly due to multicentric de novo carcinogenesis. In this respect, liver transplantation is superior to locoregional therapy.
At least theoretically, however, strategies similar to those used in primary prevention may be applicable to HCC recurrence that results from multicentric carcinogenesis. Recent antiviral therapies, in particular, may be considered in this regard. HCV-related HCC patients have undergone IFN therapy after the initial treatment, which may have reduced the incidence of recurrence in these patients. 65, 66 Liver function did not deteriorate in patients who achieved a sustained virologic response with IFN therapy, among whom there were no occurrences of death due to liver failure. Consequently, overall survival rates improved in patients subjected to IFN therapy.
Needless to say, early diagnosis and complete removal of primary HCC lesions are requisites for antiviral therapy. Safe, effective chemotherapeutic agents would be useful as adjuvant therapy in relatively advanced cases of HCC where undetectable intrahepatic metastases are suspected. However, conventional chemotherapeutic agents are not satisfactorily effective against HCC, nor are they safe enough for protective long-term use. Hasegawa et al. 67 reported that the administration of uracil-tegafur (UFT) as an adjuvant chemotherapy for hepatic resection offered no evidence of a potential benefit and the overall survival rates appeared to be worse in the treatment group. The authors suggested that the adverse effects of UFT on liver function were responsible for the poor survival rates seen in the treatment group. Some agents appear promising in terms of safety; however, the effects of these agents remain to be confirmed. 68, 69 The prevention of a recurrence of HCC, or tertiary prevention, is currently one of the most challenging tasks in hepatology.
